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SURGICAL IMPLANT SYSTEM 
BACKGROUND OF THE INVENTION 

5 

Field of the Invention 

The invention relates to the field of surgery devices and methods, and more 
particularly to a system to provide and maintain a sterile surgical field, especially during 
implant surgery. 
10 Background Information 

Providing and maintaining sterile conditions during surgery is very important and 

2 the subject of many different apparatus, techniques and methods. Providing a sterile field 

3 I 

P is aided by thorough cleaning and disinfection or sterilization of the operating site, 
li Contact disinfectants such as iodine scrub and alcohol are commonly known. Ultraviolet 
0 15 light is also known as a contact or surface disinfectant and is used in certain 
3, circumstances. Where complete disinfection or sterilization is not possible or practical, 
^ draping and shielding apparatus, techniques and methods are used. These include 
~ application of sterile cloth or plastic drapes over non-surgical areas of the patient and 

erection of shields between the surgical field and other areas of the operating room. 
20 Members of the operating team may use shields or respirators to reduce the probability of 
their introducing contamination into the field. Laminar flow ventilation systems in the 
operating theatre are also provided to sweep air-borne contaminants through and away 
from the patient before the contaminants have an opportunity to settle in the field. Of 
course, all the implements that are intended for use in the field are sterilized. Members of 
25 the surgical team also perform rigorous scrub and glove protocols to avoid 
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contamination. All of these techniques are directed to providing and maintaining a sterile 
field for the surgery. 

With all of these precautions, one source of contamination that is most difficult to 
control is contamination from the patient. Typically, this contamination is from 
5 organisms on the skin and particularly organisms on the skin at or in proximity to the 
incision site. Complete disinfection or sterilization of skin is almost impossible, as the 
required agents or techniques are very harsh or intolerable. Accordingly, the known 
techniques call for maximum draping or shielding in an attempt to prevent contaminant 
access from the patient's skin into the surgical field. 

10 One draping technique calls for a skin scrub with the known surface disinfectants. 

Then, a flexible plastic drape or membrane is adhered to the patient over the projected 
incision site. The adhesive is either on the membrane before it is applied to the patient, 
or the adhesive is sprayed on the skin and the membrane is then adhered to the adhesive 
on the skin. The intent with this technique is to cover or shield as much of the skin as 

15 possible to prevent transmission of contaminants from the skin to the incision or wound. 
If the sterile membrane is properly applied, the surface that is exposed in the surgical 
field will be sterile. Then, during surgery, any fluids or implements that subsequently 
make contact with the membrane surface will remain sterile. If the fluids or implements 
are later introduced into the incision or wound, there is no contamination of the wound. 

20 This works well, except that surgery requires an incision and the incision must penetrate 
both the membrane and the skin. During this incision, there is localized bleeding and the 
blood readily picks up contaminants from the edge of the incised skin. Additionally, 
most of the adhesives used to adhere the membrane to the^skin are not completely water 
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tight and allow fluids, such as blood, to penetrate between the membrane and the skin. 
This intrusion of fluids further contaminates the fluids, producing additional possible 
contamination of the wound. The contaminated fluids then flow around the area of the 
incision and any instruments that make contact with the edges of the incision or the 
5 incision itself can become contaminated and carry the contamination deeper into the 
incision. The implements can also transfer the contamination to other implements that 
are in the field. 

Infection and contamination during implant surgery is particularly problematic. 
For some surgical techniques, the time required to perform the implant is lengthy, 

10 providing greater opportunity for contamination. Additionally, immediately following 
the implant surgery, there may be an area of reduced vascularization in the area of the 
implant. This means that systemic treatments are less effective in treating infection. 
Where it might be appropriate to maintain a drain to treat infection with other deep 
surgical procedures, this may be inadvisable or impossible with an implant. 

1 5 The methods available do not adequately address the problems of wound or 

incision contamination during implant operations. In particular, they do not address 
shielding or protection from the incision site itself Systems and methods to address these 
and other deficiencies are needed. 



In one embodiment, it is an object of the invention to provide a surgical system 
that includes a membrane to form a pouch or envelope, a seal to substantially close the 
envelope, and surgical implements in the envelope. The membrane includes an adhesive 



SUMMARY OF THE INVENTION 
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that is on the outside of the envelope to adhere to a surgical site and a fold in the 
membrane forms the envelope. 

It is another object of the invention that the adhesive is on both sides of the 
envelope. It is another object of the invention that the adhesive is on only one side of the 
5 envelope. It is another object of the invention that the adhesive is applied to the patient 
and then the envelope is adhered to the patient. 

It is another object of the invention that the system includes a sealed or scalable 
port with a port extension. It is another object of the invention that the port communicate 
between the interior and exterior of the envelope. It is another object of the invention 
10 that the port is sealed to the membrane. It is another object of the invention that the port 
is an area of the membrane that is intended to be incised. 

It is another object of the invention that the port is near the fold in the membrane. 

It is another object of the invention that the implement and the port are configured 
to cooperate with each other. 
15 It is another object of the invention that there is an opener to open the envelope, 

the opener may be any of a number of different types, including a tear seal. It is another 
object of the invention that the opener allows the envelope to be substantially opened. 

It is another object of the invention that when the envelope is opened, the 
membrane is substantially flat. 
20 It is another object of the invention that the membrane is of many different types, 

including densified ePTFE, ePTFE, PIPE, plastic and cloth. 

It is another object of the invention that the membrane is either flexible or rigid. 
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It is another object of the invention that the implements that are within the 
envelope of the system include surgical implements; implants; implant instruments; 
implant replacement instruments; implant power replacement instruments; such as pace- 
maker power supplies; and surgical supplies, such as suture, gauze and sponges. 



plastic or durable. 

It is another object of the invention that the system is made by forming an 
envelope in the membrane; disposing adhesive on the exterior of the envelope; placing 
surgical implements inside the envelope; and sealing the envelope. 



the patient; the cover on the port is removed from the system; the port is inserted in the 
incision; adhesive is exposed on the membrane; and the membrane is adhered to the 
surgical site. It is another object of the invention that following the surgery, .the port and 
membrane are removed and the incision is closed. It is another object of the invention 

1 5 that following the surgery, the port is removed, leaving the membrane adhered to the 
patient, and the incision is closed. It is another object of the invention that after the 
incision is closed, the membrane and adhesive are removed. 

It is another object of the invention that the system and method of making and 
using the system provide a sterile surgical field with provision for reducing 

20 contamination of the surgical field, implant devices or implements. It is another object of 
the invention that for implant operations, the system is particularly advantageous in 
reducing the probability of infection in the vicinity of the implant. 



5 



It is another object of the invention that the implements are disposable, reusable. 
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It is another object of the invention that to use the system, an incision is made in 
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The foregoing specific objects and advantages of the invention are illustrative of 
those which can be achieved by the present invention and are not intended to be 
exhaustive or limiting of the possible advantages that can be realized. Thus, the objects 
and advantages of this invention will be apparent from the description herein or can be 
leamed from practicing the invention, both as embodied herein or as modified in view of 
any variations which may be apparent to those skilled in the art. Accordingly the present 
invention resides in the novel parts, constructions, arrangements, combinations and 
improvements herein shown and described. 

BRIEF DESCRIPTION OF THE DRAWING 

The foregoing features and other aspects of the invention are explained in the 
following description taken in conjunction with the accompanying figures wherein: 

FIG. 1 illustrates an envelope according to one embodiment of the instant 
invention with packaging in a transport bag; 

FIG. 2 illustrates an envelope according to one embodiment of the instant 
invention removed from the transport bag; 

FIG. 3 illustrates an envelope according to one embodiment of the instant 
invention, as used during implant surgery; 

FIG. 4 illustrates an envelope packaged with surgical implements according to 
one embodiment of the instant invention; 

FIG. 5 illustrates an embodiment of the instant invention during implant 
replacement surgery; 

FIG. 6 illustrates an embodiment of the instant invention adhered to a patient 
during implant replacement surgery; 
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FIG. 7 illustrates an embodiment of the instant invention adhered to a patient 
during implant replacement surgery; and 

FIG. 8 illustrates an embodiment of the instant invention with the membrane 
adhered to a patient and the port removed to expose the incision 

It is understood that the drawings are for illustration only and are not limiting. 
DETAILED DESCRIPTION OF THE INVENTION 

The invention provides a surgical apparatus and system that is suitable for a 
number of surgical procedures. In one particular embodiment, the invention is suitable 
for implantation of certain apparatus or replacement of those apparatus. The instant 
invention is appropriate for surgical procedures involving patients with reduced or 
impaired immune systems, where infection or wound contamination presents an elevated 
risk. The instant invention is also appropriate for surgical procedures on otherwise 
normal patients. 

There are numerous different implant systems, apparatus and devices. In the 
implantable containment apparatus that is described in U.S. Patent No. 5,913,998, issued 
to Butler et al., ("the '998 patent") a tubular apparatus is subcutaneously implanted in a 
recipient by making a subcutaneous incision in the recipient, placing the containment 
apparatus in the recipient and closing the incision. The containment apparatus is 
typically implanted with an inert containment device or a containment device with 
angiogenic materials to facilitate vascularization. Within about one week, after the 
apparatus has vascularized in the recipient and the implant wound has started to heal, a 
second incision is made in the recipient near an access port of the containment apparatus. 
A cover on the access port is removed and the inert or angiogenic containment device is 
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removed from the containment apparatus. Then, a containment device, such as the device 
disclosed in U.S. Patent No. 5,902,745, issued to Butler et al. ("the 745 patent") is placed 
in the containment apparatus. This replacement containment device typically contains 
drugs or a cellular suspension in a cell rod. The cover on the access port of the 
5 containment apparatus is replaced and the second incision is closed. The containment 
apparatus and containment device may remain in the recipient for an indefinite period of 
time, or the containment device may require subsequent replacement. If there is a need 
for subsequent replacement of the containment device, an incision is again made near the 
access port of the containment apparatus. The cover on the access port is again removed 
10 and the containment device is replaced, followed by replacement of the cover and closure 
of the incision. 

With every incision in the recipient, including the initial implantation of the 
containment apparatus and any placement or replacement of the containment device, 
there is a risk of wound infection. For recipients with normal immune systems this risk 

15 of infection does not pose a significant risk and can typically be handled with good 
surgical technique, plus topical or systemic antibiotics. For recipients with depressed 
immune systems, or allergies to antibiotics, an infection can have significant life 
threatening consequences. In addition, an infection at the site of the containment 
apparatus may require removal of the entire vascularized apparatus, resulting in even 

20 greater trauma and risk to the recipient. For these higher risk recipients, there is a need to 
reduce the probability of wound infection, by providing better sterile surgical procedures 
and apparatus. Of course, the advantages of the instantly described procedures and 
apparatus are also appropriate for other recipients. ^ 
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As previously discussed, for many surgical procedures, skin contamination is a 
major contributor to infection, because skin is very difficult to completely disinfect or 
sterilize. Various techniques have been developed to reduce skin contact during surgery 
or shield skin in the surgical field. One surgical technique is a plastic sheet or membrane 
5 that is adhered over the patient's skin in the surgical field. This membrane or sheet is 
sometimes referred to as a drape or a dam. An incision is made directly through the 
membrane and the membrane helps to prevent blood and other fluids from making direct 
contact with exposed skin in the surgery field. However, any contamination in the region 
of the incision, and particularly where the membrane is incised, can be carried into the 

10 wound. Additionally, for implant procedures, and particularly apparatus implants as 

disclosed in the '998 patent, any contamination of the wound and implant is carried deep 
into the implant zone. This type of deep infection, which is problematic for most 
implants, is not readily treated with contact antibiotics. With a subcutaneous implant such 
as the *998 patent, due to the reduced vascularization in the implant zone, an infection is 

15 difficult to treat with systemic agents and may not be accessible to contact antibiotics. 
Thus, it is important for these types of implants that the implant itself remain fi-ee of 
contaminants during implantafion. Avoidance of contact between the implant and the skin 
or incision site is very desirable. Additionally, avoidance of unnecessary contact between 
the implant and areas of the surgical field that may have become contaminated is 

20 desirable. 

The containment apparatus of the '998 patent is typically implanted through a port 
or cannulae that is placed in a skin incision. Use of this type of port helps to prevent skin 
to implant contact and thereby reduces that source of possible infection. However, 
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contamination of the surgical field remains a source of possible infection if the implant 
makes unintentional contact with contaminated objects in the surgical field prior to 
implant. Surgical techniques are intended to create and maintain a sterile surgical field. 
However, as implements are brought in and out of the field, contamination of the field 
5 can occur. If the field becomes contaminated, objects within the field will become 
contaminated as will the wound. There are many possible sources of contamination 
within the surgical field and the instant invention helps to reduce or eliminate the 
probability that the implantable containment apparatus or containment device makes 
unintended contact with any of these contaminants. 

10 Fabrication of the Apparatus 

In a preferred embodiment, illustrated in FIGs. 1 & 2, the invention includes a flat 
membrane 102, which is folded and sealed to form a pouch or envelope. The sealed 
envelope is packaged in a sterile transport bag 104 for handling and delivery to the 
surgical field. The membrane in this embodiment is a densified ePTFE and is thus 

15 flexible and readily takes a flat form in a surgical field. The membrane is circular and the 
fold 106 is approximately mid-point on the membrane, resulting in a half-circle envelope 
when folded. At approximately the mid-point of the fold, a port 108 is sealed into the 
envelope to create a passage from the interior of the envelope to the exterior of the 
envelope. When initially assembled, the port of the instant invention is sealed with a cap 

20 or cover 110. The cap or cover on the port helps maintain sterility in the interior of the 
sealed envelope. In the membrane area around the port, adhesive material 112 is placed 
on both sides of the envelope, generally surrounding the port 108. For ease of handling 
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and use, this adhesive material is covered with a removable paper or plastic shield, to 
prevent unintended adhesive contact. 

Before the envelope is sealed, various surgical implements 114 are positioned 
within the envelope. These implements include, but are not limited to, items such as 
5 implants, implant instruments, implant replacement instruments, batteries, and supplies. 
In a preferred embodiment, the implements in the envelope are an implantable 
containment apparatus with the associated surgical implant instruments or surgical 
replacement instruments. After positioning the surgical implements within the envelope, 
the envelope is sealed at the perimeter 116 by a technique that is suitable for the selected 
10 membrane. The sealing technique includes, but is not limited to, heat sealing, ultrasonic 
sealing, radio frequency induction sealing, adhesive sealing, and snap seals. As part of 
the seal there may be an integral opening device or opener, such as a tear-seal. After 
assembly, the apparatus is sterilized and sealed in a sterile transport bag 104:. 



15 requirement that the port be sealed or covered. Additionally, a preferred embodiment 
includes a cover on the adhesive. However, there is no requirement that the adhesive be 
covered or shielded, or that the adhesive be applied to the membrane during assembly. 
The adhesive can be first applied to the recipient or patient and the membrane 
subsequently adhered to the adhesive. 

20 If the membrane is flexible, it may accidentally adhere to the adhesive before the 

envelope is applied to the recipient. This could render the envelope useless. To avoid 
this condition, the adhesive portion can be made less flexible than the membrane so that it 
is less likely to contact the membrane. Alternatively, as described above the adhesive is 



Though a preferred embodiment includes a seal 110 on the port 108, there is no 
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separate from the envelope. In this embodiment, a double stick adhesive is first adhered 
to the recipient and then the envelope is adhered to the adhesive. In this manner, if the 
double stick adhesive sheet is adhered to itself, it can be discarded without u'asting the 
entire envelope and implements within the envelope. 

A preferred embodiment of the material for the membrane or envelope is 
densified ePTFE. Densified ePTFE is made of PTFE and is similar to expanded or 
stretched ePTFE, but is different in that a PTFE shape is compressed through the 
application of heat and pressure while the shape itself is under a vacuum, thus forming 
the densified ePTFE article. The densified PTFE article exhibits increased flexural 
strength. U.S. Patent No. 5,374,473 issued to Knox et al., the disclosure of which is 
incorporated herein by reference, discloses a technique for making densified ePTFE. 
Other materials for the envelope include: cellulose acetate; cellulose nitrate; 
polycarbonate; polypropylene; polyester; polyethersulfone; nylon; PVC; and 
polyvinylidene fluoride. 

Sterilization is required after the implements are sealed in the envelope. Three 
common sterilization techniques include: steam autoclave. Ethylene Oxide (EtO) and 
radiation. With steam and EtO techniques, steam or chemical vapors must contact all 
surfaces of the envelope and the implements. If the sterilization technique uses steam or 
EtO and the membrane material is not otherwise sufficiently permeable to the gases, the 
envelope must include a permeable area. For example, the port cover can be made a 
permeable area. If the sterilization uses steam or EtO sterilization, the primary 
requirement is that there be sufficient permeability and size of the permeable area to 
allow for sterilization of the envelope and the contents. 
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Materials suitable for a permeable window area include: ePTFE, cellulose acetate, 
cellulose nitrate, polycarbonate, polypropylene, polyester, polyethersulfone, nylon, PVC, 
and polyvinylidene fluoride. It should be noted that if the envelope itself is formed of 
these or similar materials, there is no separate requirement for a gas permeable window 
5 area. 

If radiation is used, the requirement for permeability of the envelope is 
eliminated. However, certain implements may not be compatible with radiation 
sterilization, requiring a steam or EtO technique. 
Use of the Apparatus 

10 The apparatus illustrated in FIG. 4 can be used to replace a cell rod (i.e., a 

containment device) in a previously implanted containment apparatus. The surgical site 
is prepared and disinfected by known techniques. As illustrated in FIG. 5, the multiple 
access port (MAP) 502 of the containment apparatus is palpated below the skin and an 
incision 504 is made between 2 and 4 cm from the MAP. The incision is made 

15 sufficiently large to allow the port 108 of the instant apparatus to pass. The instant 

invention is removed from the sterile transport bag and the seal 110 on the end of the port 
is removed. Using forceps 506, the edges of the incision 504 are separated to avoid 
contact between the incision and the port, and the port 108 of the instant invention is 
passed through the dermal layer and advanced toward the MAP 502 of the containment 

20 apparatus. As the port is passed through the incision, care is taken to avoid contact 
between skin at the exterior of the incision site and the port. This helps to avoid 
contamination of the sides of the port and dragging or introduction of that contamination 
into the wound. When the port is properly positioned in the incision, an end 109 of the 
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extension on the port 108 is proximate the MAP 502. When properly positioned, the 
adhesive 112 that is between the envelope 106 and the recipient is exposed or positioned 
and the envelope is adhered to the surgical site. This has the effect of anchoring the 
envelope and port in position. 



surgeon opens the envelope using any of a number of known techniques. These opening 
techniques include, but are not limited to pulhng a tear strip, cutting the envelope with 
scissors, removing a peel strip, etc. Opening the envelope exposes the implements 700, 
704, 706 inside the envelope. After opening the envelope, adhesive on the opposite side 

10 of the envelope is exposed or positioned and the envelope is then fully opened so that it 
can lay flat over the surgical site. The remainder of the adhesive on the membrane is then 
adhered to the surgical site. At this point, a new or fresh surgical field has been created 
by the combination of adhered and opened envelope and port. Additionally, all objects 
in the field were contained in the envelope, so they are sterile. With all required surgical 

15 implements contained within the envelope, there is no need to introduce additional 
implements into the field. 

In the new or fresh surgery field, using the implements in the envelope, the tissue 
capsule surrounding the MAP is incised to expose a removable cover on the MAP. This 
incision is made using a scalpel or electro-cautery. Then, as illustrated in FIG. 7, using 

20 the screwdriver 700 in the envelope, the MAP cover 702 is removed. A manifold 704 is 
clamped to the MAP 502 using the manifold clamp 706 . The manifold 704 and manifold 
clamp 706 are in the envelope. Using the manifold, the cell rod or containment device 
within the containment apparatus is removed. Removal is^ accomplished with a fluid 



5 



As illustrated in FIG. 6, after adhering the envelope 106 to the surgical site, the 
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stream, or by mechanically withdrawing the containment device from the apparatus. A 
replacement cell rod is then loaded into the containment apparatus from the manifold 
through the MAP using a fluid stream or mechanical insertion. After successful cell rod 
replacement, the manifold 704 and manifold clamp 706 are disconnected from the MAP 
5 502. A new MAP cover, also in the envelope, is installed on the MAP using the screw 
driver 700. The MAP is repositioned inside the tissue cap and the port 108 is withdrawn 
from the incision. As the port is withdrawal, both the port and membrane are removed to 
expose the incision. The incision is now directly accessible, and suture or incision 
closure material, also within the envelope, is used to close the incision. Using known 

10 surgical incision closure techniques, the incision is closed. After the incision is closed, 
any adhesive that remains on the patient is removed. 

In another embodiment, illustrated in FIG. 8, after the cell rod is replaced and the 
MAP repositioned in the tissue capsule, the port 108 is separated from the membrane 106 
at a tear region, leaving the membrane 106 adhered to the surgical site. The incision 504 

15 is now directly accessible and suture or incision closure material, also within the 

envelope, is used to close the incision. After the incision is closed, the membrane 106 is 
removed from the patient and any adhesive that remains on the patient is removed. 

In a preferred embodiment, after the operation, the envelope, port and all used or 
unused implements within the envelope are discarded. However, it may be appropriate to 

20 recondition or reuse certain implements. 

In a preferred embodiment, all implements required for the operation are within 
the envelope. However, it may be appropriate to have some implements in other sterile 
containers. 
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In a preferred embodiment, the port is sealed to the membrane. In another 
embodiment, the "port" may be merely an area of the membrane that is intended to be 
incised. Therefore, the port is not open until the membrane is incised. In this 
embodiment, the positioning of the implements within the envelope, adhering the 
5 envelope to the surgical site and then opening the envelope to form a barrier, drape or 
dam, before making the incision through the membrane helps to ensure a more sterile 
field. 

In a preferred embodiment, the port has an extension to provide deep tissue 
access, such as to an embedded MAP. In another embodiment, there is no port extension 
I 10 and the port primarily provides a barrier between the exterior skin and the interior tissues. 

In a preferred embodiment a cell rod is removed in one step and in a second step, 
g a cell rod replaced. In another embodiment, the cell rods are exchanged at the same time. 

The apparatus and method of the instant invention are suitable for access and 
p removal of lesions or devices located subcutaneously or accessible via skin incisions. 

3 15 Examples include: tumors or other lesions located in muscle, fascia or bone; craniotomy 
^ surgical approaches; access to buried cardiac pacemaker components, and other buried 
devices; access to colostomy stomas; access to orthopedic appliances or to repair 
orthopedic abnormalities; in conjunction with intraosseus infusion devices; in 
conjunction with implantable therapy systems and methods; insertion/removal of 
20 peritoneal dialysis catheters; access to the lower GI tract and urogenital tract; ophthalmic 
surgery; laparoscopic procedures of the thorax, abdomen and joints; and other related 
procedures. 
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Although illustrative embodiments have been described herein in detail, it should 
be noted and v^ill be appreciated by those skilled in the art that numerous variations may 
be made v/ithin the scope of this invention without departing from the principle of this 
invention and without sacrificing its chief advantages. 
5 Unless otherwise specifically stated, the terms and expressions have been used 

herein as terms of description and not terms of limitation. There is no intention to use the 
terms or expressions to exclude any equivalents of features shown and described or 
portions thereof and this invention should be defined in accordance with the claims that 
follow. 
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